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Test Outline for "Passport Visa" 


For the past several years, the Wave Propagation Section of the Aerial Reconnais- 
sance laboratory, WADC, has been developing a radar absorber material suitable for 
structural application to aircraft. This work has been carried on under Project 6268, 
Task 40542, "Radar Camouflage Study." 


Laboratory measurements have established the characteristics of the absorber when 
formed in simple shapes of fairly small dimensions. However, size limitations prevent . 
the determination of the effeot of the absorber on large complex shapes such as aircraft. 
At the moment , the only way to perform such an evaluation is through the use of a flying 
test bed and appropriate radar equipment to determine the degree of absorption under 
dynamic conditions. Inasmuch as the material arrived at a stage of development where 
such a test would be extremely beneficial, ARDC was requested to assign an aircraft for 
this purpose. Accordingly, a T -33 aircraft was assigned and the effort given the nick- 
name "Passport Visa." The purpose of this paper is to give a general outline of the 
types of testing to which the airoraft will be subjected and the goal in each type. 

Laboratory teats have shown that the absorber reflects less than % of the incident 
energy (compared to 1003S for metal) over the frequency range 2500 to 13000 me inclusive. 
It is very insensitive to angle of incidence of the energy. It is desired to perform 
the dynamic tests at as many frequencies as reasonably possible ovdr the operating range 

of material. j 

The T-33 airoraft is to be completely covered with the absorbdr with the exception 

of part of the canopy and the engine intake and exhaust ducts. Thus, tests can be per- 
formad at all aspects of the aircraft. The actual installation of the absorber on the 
aircraft is estimated to, be completed by approximately 1 January 1$5 8 * The radar 
reflectivity testing will begin as soon thereafter as possible. 

Many portions of the T-33 will be covered with the material in such a way that the 
absorber can be removed and replaced by other material. This is done so that any im- 
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provements in the absorber yielded by a simultaneous development effort can also be 
evaluated dynamically. It is anticipated that this dynamic test program will continue 
for 1 1/2 to 2 years after completion of the initial installation. 

In order to simplify the measurements and to require minimum modification to exist- 
ing equipments , it is proposed that the reflectivity data be taken on a relative basis 
rather than an absolute basis. That is to say, the reflection from thei absorber -coated 
T-33 will always be compared to that from an uncoated T-33 which will flown either 

i 

simultaneously with, or within a short period of the coated aircraft. This will elimi- 
nate th® need for absolute calibration of the radar equipment and its associated 
problems. 

The reflectivity tests will be designed to provide one or more of fhe following 
types of information: 

a. .Relative detection range for the two aircraft as a function of aspect 
angle. 

b. Relative echo signal intensity as a function of aspect angle. 

c. Degradation of defensive system performance due to use of the absorber. 

5 i 

d. Relative effectiveness of improved absorber materials. 

e. Effect of partial coating on reflectivity. 

To date, several agencies have been contacted regarding the availability of radar 
gear in the proper frequency range for making these measurements, and the types of 
measurements which can be performed. These agencies are WADC, RA.DC and the 5®^* 
Division (Mr Defense Command group stationed at W-EAFB). A summary of the types ef 
equipment turned up by the survey thus far follows (soe Appendix 1 for pertinent charac- 
teristics): 

WADC 

AP5-20 »S* band search radar , 

; 'i 

Msq »1 band tracking radar 

AFS-44A "C* and "X" band search radar 
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Wipe (continued) 

FES -16 *X" band precision approach radar 

FES -6 "S* band height finder radar 

AFGr -37 “X" band airborne fire control radar 

RADC 

TPS-16 *S* band airport aurve ilia nee radar 

SCR -584 *S* band tracking radar , 

MSQ-1A *S“ bond tracking radar 

MPS-4 "C" band height finder radar 

TPS-10D *X* band height finder radar 

MBS-14 *S* bond height finder radar 

58th. Air Division 
FPS-10 *S" band search radar 

FES-6 *S* bond height finder radar 

v 

Several types of airborne fire control radar. 

Virtually all of the above radars could be used to supply information on relative 

detection range without any modification having to be performed. Since the aircraft 

/ 

la to be based at WADC and has a limited flying range, it would be advantageous to con- 
duct these teats on the gear at or near W-PAFB. 

Nona of these radars is currently instrumented to record the echo signal intensity. 
Such recording would require some modification in any case in order to provide a wide 
dynamic range ’in the receiving equipment. The tracking radars do. have an AGC voltage 

t 

which is proportional to the echo amplitude, and *reuld require a ^lalmu m of modifica- 
tion to record it. This AGO voltage, however, is slow-aeting andj while it would yield 
the average echo level as a function of time, would not permit the recording of any 
rapid fluctuation in echo from the aircraft. Such data would provide the relative levels 
of the average echo intensity from the two aircraft , if properly calibrated, and is 
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therefore desirable. Unfortunately, only "S* bead information could be supplied ia this 
manner ainee no high*r frequency tracking radars were feund in the survey. To get this 
type of data from any of the higher frequency gear, fairly elaborate modifications 
would have to be performed to provide the dynamic range necessary. Personnel afc WAW 
associated with "Passport Visa" have made such modifications to radar systems in the 
past to perform absolute dynamic measurements. Personnel at the other agencies con- 
tacted indicated that such modifications would be made only if directed by. higher hea<U~ 
quarters and provided with ccnsiderable assistance by WA.DC personnel experienced in such 
matters. It is again therfore desireable to perform such t ests at W-FAFB. 

The procedure for determining the relative detection range fer the two aircraft 
is shewn in Fig. 1 and 2. Fig. 1 shows the flight pdihs of the two aircraft for nose 
and tail data. The aircraft would be positioned in apace so as te fly threugh the 
marginal detection range of the radar while alternately presenting the nose and tail 
aspect te the radar. The absorber -coated aireraft would be flewn at approximately 
half the range ef the standard aireraft , this being the assumed range of marginal 
detection. This is done in order te conserve fuel since the coated aircraft can oaly 
fly f*r approximately one hour. Due to the wide variation in detection range for the 
various radars .which will be used in these tests, no fixed values of range can be 
given fer the two aircraft. Rather it appears advisable to fly the uneoated T-33 cut 
to dotormine its doteetion range and then adjust the coated T-33 flight path se as te 
include its probable detection range. In the event that the range for the coated 
T -33 would be so short that, when flying at the same altitude as the standard, it 
would present a very different aspect te the radar, its altitude would be reduced te 

get the same aspeet (see Fig. 3)* 

Essentially the same type of plan would be used to secure broadside data (see 
fig, 2). The flight plan shown will grndunlly move the aircraft in range while per- 
mitting it to be broadside to the measuring radar most of the time. Thus, the range 

at which marginal detect ion takes place can again be determined. 
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Ik practically all cases, the radar antenna will be scanned horizontally to avoid 
the necessity of the plletb haring te fly within the beam limit® ef a fixed antenna. 

It would be desirable to sector scan the area in which the aircraft will be located, 
but mechanical limitations ef some of the larger antennas will necessitate scanning 
360 degrees. This is not felt to be too serious a problem. 

The problem of aiming the antennas in the vertical plane varies with the type ef 
radar used. The simplest case is that ef a standard search or surveillance radar which 
has a fan-shaped beam in the vertical plane. Obviously, no sidling is required in this 
ease. The next simplest is the height finder which neds vertically, thus effectively 
scanning tha rang# ef elevation angles ef interest. A radar such as the AFS-44A, 
which has a pencil beam antenaa but is made to scan only horizontally, presents the 
most diffioult problem. In this case, the airoraft’s altitude and range (either ground 
or slant range) will bo used t© compute the elevation angle to which tha antenna must 
be manually set. (See Fig. 4 and 5). At the longer ranges, the aircraft will a'tay 

within the beam for a fairly great distance (see Fig. 6) but eerreetioa of elevation 
nagle will still be made te optimize the operating condition. 

A short study was made to determine tha effect of detecting either ef the eir- 
eraft ea the aides ef the radar's antenna beam instead ef on the axis. Several beam 
chapes were studied. It appears that, in all cases, serious erroneous deductions could 
be drawn from the resultant data on relative detection range. For example, consider 

a paaeil beam fixed at seme elevation angle and the two aircraft (standard and modified 

* 

T-33 te bo called T-33 end MT-33 respectively henceforth in this paper) flying toward 
the radar at tha same constant altitude. Assume the T-33 is detected as it passes 
through the axis ef the beam (see Fig. 7)> The MT-33* with its lower reflection, ^will 
have te be sleeer te the radar before it ean be detected. However, in continuing at 
the same altitude, it is gradually being illuminated with less radar signal due to the 
antenna beam's shape. It turns out in most easos that the falloff in illumination is 

faster than the rise in echo duo to the decrease in range, thus the aircraft will 
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*.T.r b. mw by th. radar. This wuld l.ad t. th. eonclu.ion that th. air .raft was 
truiy "radar iavisifala." On tha other hand, assume that tha antenna was raised to soma 
elevation angl. such that th. T~ 3 3 wa. detected by the side of the beam at a certain 
range. Th. MT-33 will oantinu. to fly into the beam, thereby being illuminated by an 
increasingly larger signal while at the same time decreasing in range. This situation 
would cause the range ratio to be lass than the 2:1 oxpo.tod and could lead to th. con- 
clusion that th. absorber was poor. A pl.t of the relative rang, versus the angle 
between th. aircraft', flight pith and the axis of the radar beam is shown in Fig. 8. 
tfar simplicity of calculation it was assumed that the MT-33 was detected as it passed 
through th. axis of th. beam aa.h time. While these figures are based en the pencil 
bwm case. th«, same s.rt af thing would occur for other sh.ped beams. Th. eenclusion 
from this study is that the elevation angle of the beam must be varied so that detec- 
tion takes place when the aireraft is en the nose of tho beam. 

Thia measuremont toshni^ua dees not lend itself well to taking data for aspects 
other than nose, tail and broadside. However, the relative simplicity and flexibility 

“ t " h * lqU * '* d *• - uamodiflad r.dara «,*. It „ry .„ r .atlTe. It 

1. a.ti.lpat.d td.t thia t..h.lqu. will not anly b. u..d wh.. t..t. with a.:- 

““ radar, but .1.. with th... .f Ur Dar.aa. Caamaad .ad .than ap.r.tion.1 gr.upa. 

I» additio. to th. t.at. agaiaa, th. grau.d radar., it i« pl.an.d to rua ralatiw. 
d.taotioa rang. t.at. agaiaat ataadard II aad fir. .antral radar.. I. th... t.at. . 
fight. r aireraft will b. Tutored toward th. ataadard aad uodlfl.d T-33 alrcr.dt la 
auah a way aa to appruah fro. r.rlou. aaglaa. Th. ralatir. d.t.ctlon rang, wauld h. 
r.partod by tha pilat. It la uaderataod that ia aueh teats noaa-au appraachaa are 
extremely daug.rou. aad ha... wauld nat b. attempted. The adT.at.ga af thia typ'a of 
teat lag .war th. grouid radar teat. 1. that .... ,f th. ..pact. .hue th. harlz.at.l 
plan, .f the aireraft aan ha .beaked, a diaadTantage liaa in tho fact that th. pll.t 
hae maay thlags to do boaldoa watahing th. radar, whiah could aauas wider Tariatioaa 
in the readings of detection range. Ordinarily this type of test is performed on a 
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statistical basis whish requires a fairly large number of flights. Tha T-33* umdar test 
weuld fly a straight aad level course while the aireraft carrying the measuring radar 
s number of passes at each of the various eagles ef appreaeh# 

The preeedure for determining the relative echo signal intensity as a function of 
aspect angle is shown in Fig. 9* Beth aireraft eeuld be made to fly clever leaf Patterns 
over a check point to eliminate the range effect on echo. The radar antenna would be 
aimed to put its beam over the check point at the aircraft *s altitude. The radar has 
to be instrumented to record the amplitude of theecho signal as the two aircraft 
alternate over the check point. By varying the direction of the passes over the check 
point a plot of relative echo signal versus aspect angle can be obtained. 

This technique is probably the best way to evaluate the material since it yieiis 
quantitative data and does not depend on judgment as to whether or not a certain-sized 
blip constitutes detection or not. As waft mentioned previously, personnel of WCIRE-5 
could make the necessary modifications to radars at WADC. It appears to be simpler 
and feasible to provide a separate "receiver-recorder* package which can be tied in 
to any radar system through a change in the -microwave "plumbing." This technique will 
be investigated as soon as a new receiver, currently on order, is received. 

There are several possibilities for variations in the above technique. For in- 
stance, it is expected that a tracking radar will be used for some of these tests. This 
radar would continuously track one or the other aircraft as it flew the various 
patterns. The radar already has an AGC system and it is felt that bringing this 
voltage out to a recorder would be relatively, simple. The fact that this AGC is rela- 
tively alow-acting is not a great drawback since the average echo signal differential 
is of prime importance in these tests. 

.not bar pb.se of tb. retire echo elgn.1 Intensity tests will laeolve the byMmlo 

eir-to-.tr reflect lob meesuremehts equlpnent developed by ftao-Victor Corpor.tloh 

uedor Contract AI33(600)-27570. This eiuijmebt Is designed to record the echo ere. 

of a> .iroreft *a e function of aspect angle to a high degree of accuracy. An 
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ba&d radar's antenna is slaved to an *X* band tracking radar which is locked on the 
target under test. The echo area information is gathered by the "S' band gear. The 
equipment is designed to measure aspect angles accurately and is expected to provide 
a plot similar to that provided through static techniques. During these flights, the 
aircraft under test will fly a straight level course while the measuring aircraft will 
fly around it in various ways to take data as a function of aspect. It is expected that 
data oan be taken over 3^0 degrees of azimuth and i 20 degrees in elevation with respect 
to the target ship. Phases can be made at higher elevation angles but degree 
azimuth coverage is not expected under these conditions. 

Tests to determine the degradation in defensive system performance could vary 
greatly depanding upon the system uader test. Xor instance, it is proposed that 
standard EW-GCI^AI missions be run against both aircraft to determine the cumulative 
effect of the absorber upon the intercept probability. The 56 th. Air Division, Air 
Defense Command, has expressed willingness to perform this type of sequential mission. 
These tests would be performed both with and without simple evasive maneuvers on the 
part of the MT-33» It has not bean determined whether or not any defensive missile 
systems can be adequately synthesized to yield performance degradation data of this 
typa or even whether or not such tests should be included as part of this program. 

The relative effectiveness of improved absorber materials will be tested by re- 
placing the removable sections on the aircraft with the new materials and repeating the 
relative echo intensity tests as outlined above. Naturally, any such v material would 
ba thoroughly tested in the Laboratory before it would warrant any dynamic testing. 

It has been suggested by personnel from Hq. ARDC that tests be run to determine 
the effectiveness of partial absorber coating on reflectivity. Unfortunately, the 
MT-33 cannot be flown with some of the panels removed. However, partial coating can 
be simulated by spraying selected sections of the absorber with a coat of strippable 
plastic and then with a coat of metallic silver paiat. This technique has proven very 
satisfactory in the Laboratory tests. After such an application the relative echo 
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Ut.naity teat, would b. rerun. It is felt that sueh teats 'can be performed more 

•aeily, more sickly and more cheaply through static model techniques which are common 

ly used by W1DC, but dyaamic testing as outlined above un be run during the course of 
the flight teat lag. 

It is expected that there will be some modification to the above plans as the 

tests progress. These tests are based upon the equipments and personnel available at 

this time and while' no major changes in either are anticipated, the possibility still 
exists. 

The tests with the Air Defense Command will require coordination with their Head- 
quarter. at Eat APB. Personnel of VCIHS-5 will contact the® in this regard in^e 
1# ‘ r futur *‘ A priority higher than the current 1-B enjoyed by this program would 
undoubtedly help not only these tests but all the others planned under "Passport Visa," 


■j 
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Appendix A 

' Pertinent Character 1st Lee of Radars Available 
for "Passport Visa* Tests 

A PS-20 » search radar with pencil beam 
P T « 750 lew 

reoeiver sensitivity * -102 DEM 
frequency 3 2880 me 

beamwidths vertical, 8°j horizontal, 3.5 0 
antenna scans 3^0° at 6 rpa 

sector saans any 20° to 120° wide sector (variable) 

MS 0,-1 » tracking radar 

P T ■ 250 kw - 500 kw 

reoeiver sensitivity 3 -106 DBM 
frequency 3 2700-2900 mo (tunable) 
beamwidthi 3° both planes 
tracks at 3 OB points on beam 
can give horizontal or vertical polarization 
AES-44A1 search radar with pencil besm 
•X* band portiom 
Bj. 3 500 kw 

receiver sensitivity * -100 DEM 
frequency « 9375 

beamwidths 1.8° both planes 
scans 180° azimuth 

sector scan any 30 0 wide section of basic 180° scan 
manual set of tilt from 0° to +5° in elevation 
sta produee vertical or circular polarization 
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APS-4AA* search radar with pencil beam (continued) 

•C* baad portioaj 

Bj. * 1.0 megwatt 

receiver sensitivity * -100 DEM 
frequency * 5280 me 
beamwidthi 2.8° both plaaes 

all other antenna characteristics eame as "X* baad 
rps-l6s precision approach radar 

V 

P T * 45 kw 

receiver seaaitiTity * -88 DBM 
frequency * 9080 me 
has 2 antennas t 

v ‘ one scans from -1° to +6° vertically with .5° wide beam in elevation 
and esc 2 beam in azimuth 

the other scans ±10° in azimuth with .5° wide beam in azimuth and 

1 

esc 2 beam in elevation } 

rate of scans 2 scans/antenna/socond 
reeeiter alternates between antennas 
FF5-6 s height finder with nodding boavertail beam (same as MES-14) 

Bji * 5 megwatt 

receiver sensitivity * -104 DEM 
frequency ■ 2700-2900 me 
antenna gala* -74 00 

beamwidtht 3 .2° azimuth} 0.95° elevation 
• este.se sweeps rertioally fro. -2° to *32° tat. of 20 to 30 per 

controlled in azimuth by seareh radar 


Approved For Release 2001/08/29 : CIA-RDP33-02415A0001 00430033-6 


C^DCT 


57VCIR-3116 



Approved For Release 2001708779 : CIA-RDP33-02415A0001 00^30033-6 

\ 

APG-37-* airborne fire control radar (tracking) 

By » 200 kw 

receiver sensitivity * approx. -95 DBM 
frequency * 85Q0-*9250 me 
beamwidth; 4° la both planes 
conical scan at 75 cycles/seeond 
TES-16* airport surveillance radar 
% B 450 kw 

receiver sensitivity 3 -100 DEM 

» 

frequency * 2700-2900 me 

beamwidths 1.6° in azimuthj esc 2 in vertical plane 
antenna seans 360° azimuth at 6 rpm 
SGR-5841 tracking radar (MSQ-1 is later version) 

P T - 300 tor 

receiver sensitivity ■ -96 DBM 
frequency ■ 2700-2900 me 
beaawidtht 4° la both planes 
MSQ-1 A j see MSQ-1 

MBS -4 s height finder with nodding beavertail beam 
By ■ 140 kw 

receiver sensitivity 3 -100 DEM I 
frequency 3 6275-6575 *• 

antenna beamwidthi 4° azimuthj «8° elevation 

nods over any 10° sector from -2° to +20° (seetor can be moved during flight) 
controlled in azimuth by search radar 
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TES-lODi height finder with nodding beavertail bean (same as ME5-8 A FPS-4) 
P T * 250 kw 

receiver sensitivity * -100 DBM 
frequency * 9200 me 

antenna beaawidthi 2? azimuth; .7° elevation 
antenna nods from -2° to +23° at either 30 or 60 tines/ minute 
MP3-14 j aee FPS-6 

FES-10 1 search radar (same as CES-6B) 

P T * 1.0 negwatt 

receiver sensitivity * approx. -90 DBM 
frequency * 2700-2900 me 

antenna beamvidth: 1° azimuth; covers from +2°to +23° elevation 
antenna scans at 1/6 rpm 
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